The atomic force microscope (AFM) has become an essential tool for the measurement of surface characteristics of diverse materials on a micro-and nanoscale level [1]. The resolution of measurements for the AFM cantilever is related to its vibration sensitivity. Many researchers have much interest in studying the resonant frequency and sensitivity analysis of AFM cantilevers [2 -4].
where E and G are the Young's modulus and shear modulus, respectively; I is the area moment of inertia; l is the material length scale parameter which indicates the size-dependent behavior of the microcantilever based on the modified coupled stress theory; X is the distance from the fixed end along the center of the probe, t is time, Y 1 (X,t) and Y 2 (X,t) is the transverse displacement of both segments, respectively.
For compatibility of displacement, moment and shear force for the two adjacent portions of the cantilever can be expressed by the following jump conditions as The crack is simulated by a rotational spring and its spring constant W. The angular displacement between the two segments can be related by . In addition, the boundary conditions of two ends of the AFM cantilever are as follows:
where H and M are the tip height and mass, respectively. B is the distance between the lower edge of the probe and centroid of the cross section. The linear spring constants K n and K l denote the contact stiffness between the tip and the sample under the normal and lateral direction, respectively.
In order to know the effect of relative parameters on the sensitivity of a cracked AFM cantilever, we considered the geometric and material parameters of a Si cantilever as follows [3] : E = 170 GPa, μ =0.28, ρ=2330 kg/m 3 , L=300//m, B = 2.5 μm, H = 10 μm, M = 2 χ 10 -13 kg. The lateral contact stiffness was assumed as K l = 0.9 K n [3]. When the above governing equations with the corresponding conditions are solved, the sensitivity of the AFM cantilever can be obtained. Fig. 2 depicts the dimensionless sensitivity of mode 1 as functions of the microcantilever thickness to material length scale parameter h/l and dimensionless crack flexibility k c ( = EI/ WL) for H/L =1/30, D/L=0.5, and - n = K n L 3 /EI = 0.1. The ratio h/l represents the size effect of the cantilever based on modified couple stress theory. The change in sensitivity with the value of h/l indicates the thickness-dependent behavior of an AFM cantilever. The cantilever becomes more sensitive for higher values of h/l. It is noted that k c = 0 implies no crack in the cantilever. The crack existing in the cantilever makes it locally less stiff because of the added flexibility. Therefore, the sensitivity of the cracked cantilever increases with increasing value of crack parameter k c .
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